Temporal changes in a feedlot drainage lagoon with a predominance of the phototrophic purple sulfur bacterium, Thiopedia rosea, were investigated during a 3-year period. The surface protein and bacteriochlorophyll concentrations, which indirectly measure T. rosea abundance, peaked annually during the fall months and coincided with the intensity of pink coloration. Surface bacteriochlorophyll concentration correlated with pH, alkalinity, and protein. The pH range was optimal for the survival of T. rosea. Surface sulfide concentration, which increased over the winter and early spring, reached low levels during the fall months. The most striking pattern to emerge was the marked increase in sulfate concentration that occurred each fall and winter. The protein peaks, which preceded the sulfate peaks, were indicative of the sulfate concentrations that would follow. During 1977 and 1978, the lagoon was essentially anaerobic and provided adequate growth conditions for T. rosea. Above-average precipitation during early 1979 rais,ed the water level and altered the chemistry of the lagoon. Dissolved oxygen was higher during the final year, and, concurrently, concentrations of bacteriochlorophyll declined. Aeration of the lagoon resulted in a decrease in T. rosea.
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Some waste stabilization lagoons receiving domestic, industrial, or agricultural wastes are red, due to large populations of purple sulfur bacteria. This seems to be especially true in lagoons containing little or no oxygen (3) . These phototrophic bacteria use hydrogen sulfide as the electron donor and produce sulfate as an end product.
The activity of purple sulfur bacteria can be of practical significance because they reduce odors resulting from hydrogen sulfide formation (14) . Although the heavily loaded waste stabilization lagoons become anaerobic and usually emit an odor, this odor is not evident when large numbers of purple sulfur bacteria are present (3). It might be advantageous, therefore, to establish and maintain the environmental conditions necessary for large blooms of these bacteria.
Phototrophic bacteria are presently being used in the treatment of sewage in Japan (8) . According to Siefert et al. (13) , the use of phototrophic bacteria has some advantages in the treatment of sewage. In contrast to the conventional dissimilatory treatment method, phototrophic assimilation of the major organic and inorganic constituents ofsewage would eliminate the necessity of a purification process for the removal of inorganic nutrients. In addition, the cell protein of phototrophic bacteria can be used as an animal nutritional supplement.
The purple sulfur bacterium Thiopedia rosea, an inhabitant of many lakes, also occurs in waste lagoons. This species has been reported in a poultry manure lagoon (6) To measure bacteriochlorophyll concentration, absolute alcohol extracts were made from sediments of centrifuged 5-ml samples as described by van Gemerdin (16) . After July 1978, acetone-methanol extracts were also prepared according to the protocol by Siefert et al. (13) . Although results from these two methods were significantly correlated (P < 0.01), the acetonemethanol procedure was more effective in extracting the bacteriochlorophyll. The phenol method of Oyama and Eagle (9) was used to determine the protein concentration on duplicate frozen 5% trichloroacetic acid precipitates from 10-ml samples.
RESULTS AND DISCUSSION
Temporal changes in the pigmentation of the lagoon were conspicuous. During winter, the pink color was concentrated in the ice; after the spring thaw the lagoon was brown. In mid-summer, gas bubbles and a pink scum formed along the periphery of the lagoon. The area of the scum continued to increase throughout the fall until the lagoon was uniformly pink. In the fall, T. rosea was the predominant microscopic form and was largely responsible for the extreme turbidity. Except for one value of 3 cm (June, 1977), the Secchi disk readings ranged from 1 to 2 cm. During peak activity, T Although T. rosea has been reported to occur in stratified lakes (1, 2, 4) as well as waste lagoons (14), Pfennig (10) classed this genus among the more fastidious forms of purple sulfur bacteria. Although it is able to tolerate high light intensities, T. rosea is strictly anaerobic and has a low tolerance for sulfide. However, sulfide is a mandatory requirement for growth since T. rosea lacks an assimilatory sulfate reduction mechanism.
Values for selected environmental characteristics of the lagoon are summarized in Table 1 , and the product-moment correlation coefficients for all pairs of variables appear in Tables 2 and  3 . Bacteriochlorophyll concentration correlated with that of protein, and, on the surface, both reached their annual maximum levels during the fall months (Fig. 1) (7) Protein (g.liter-) continuous bicarbonate regeneration from fermentative activity. Conversely, in our study, the correlation of alkalinity with protein and with bacteriochlorophyll concentration indicated that alkalinity was higher when bacteria (including phototrophics) were more abundant. An alkalinity decline would not necessarily be expected because: (i) the alkalinity of this lagoon comprises buffer systems other than salts of carbon dioxide; (ii) carbon dioxide is being replenished by organotrophs. However, it is not clear why the alkalinity increased with phototrophic activity.
The ammonia content of the lagoon contributed to its alkalinity and was probably the major nitrogen source for T. rosea (11) . Although the ammonia concentration fluctuated markedly, it always declined to less than 30 mg . liter-' during the fall bloom. As determined by the MannWhitney U test, 1979 surface ammonia levels were significantly greater (P < 0.05) than those for the last five sampling dates of 1978. This was probably due to an increase in proteolytic activity and a decrease in photoassimilation.
Alkalinity may indirectly measure the presence of fermentative end products, and on the bottom, alkalinity and sulfide levels were correlated. Hydrogen sulfide is generated through sulfate reduction and anaerobic protein decomposition. As expected, the level of sulfide on the bottom was equal to or greater than that on the surface, and a peak in the concentration of bottom sulfide was consistently observed each spring (Fig. 2) . The surface sulfide, which also increased over the winter and early spring, reached low levels during the fall months. Since sulfide acts as an electron donor in the purple sulfur bacterial metabolism, it might be a growth-limiting factor. In this study, however, it was not possible to predict subsequent maximum densities of the phototrophic bacteria from the sulfide levels. T. rosea has a low tolerance for sulfide; for example, media for the enrichment of T. rosea should contain a maximum of 3.2 mg of sulfide. liter-' (10) . Caldwell and Tiedje (2) found that the number of T. rosea declined in environments containing 4 to 8 mg of sulfide.
liter-'. At this sulfide concentration they observed intracellular sulfur granules and speculated that the sulfide level may be an important factor, along with oxygen and light, in the natural distribution of T. rosea. Thus, the sulfide concentration in the lagoon frequently exceeded the published tolerance levels for T. rosea, and may have contributed to its mortality during the winter and spring.
The most striking pattern to emerge was the marked increase in sulfate concentrations that occurred each fall and winter. No pattern between the concentrations of sulfide, a substrate for T. rosea, and sulfate, its end product, could be discerned. Figure 3 (2, 11, 12) . Thus, aeration was probably a major factor leading to the alteration in microflora of the lagoon during 1979. During 1977 and 1978, when the lagoon was essentially anaerobic, it provided adequate growth conditions without competitors for the T. rosea. However, during 1979, aeration of the lagoon upset the environmental balance, leading to an increase in facultatively anaerobic chemotrophs and a decrease in T. rosea.
